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中 HBsAg 和 PreS1 水平及基因型和变异体的分布情况。 
 本研究共分析 402 例 HBV 感染者（排除其它病毒的感染者、酒精性肝病、
自身免疫性肝病及代谢性肝病），按 EASL 慢性乙肝临床管理指南的建议，将其
分为 6 个感染时期：HBeAg 阳性的免疫耐受期（IT，n=53），免疫清除期（IC，
n=93），低复制期（LR，n=65），HBeAg 阴性的肝炎期（ENH，n=74），肝硬化
（LC，n=53）和肝癌（HCC，n=64）。随后对患者血清中 HBsAg 和 PreS1 水平
进行定量检测，同时定量检测血清中 HBV-DNA 水平，分析不同分期中 HBsAg
和 PreS1 水平，并分析 HBsAg 和 PreS1 水平与 HBV-DNA 水平的相关性，此外
本研究还分析了这些患者血清中的 HBV 全基因序列，以生物信息学方法研究慢
性乙肝感染自然历史进展过程中的病毒进化特征。 
 本研究发现 HBsAg 和 PreS1 水平在慢性肝炎的各个分期中有明显的差异，
无论 HBsAg 或 PreS1 均在 IT 组最高，在 LR 组最低，其他组介于两者之间；B
基因型和 C 基因型患者的 HBsAg 和 PreS1 水平总体无显著差异，但在 LR 组 C
型患者有更高的 HBsAg 水平，IT 组 C 型感染者有更高的 PreS1 水平，HCC 组的
B 型感染者有更高的 PreS1 水平。无论 HBsAg 或 PreS1，在 IC，ENH 及 LC 组
与 HBV DNA 水平呈正相关，且基因 B 基因型患者的这种相关性更好。在所有 6
个组中，HBsAg 与 PreS1 水平总是呈正相关。本地区 HBV 基因型分布在慢性肝
炎组与终末期肝病（LC&HCC）组中有显著的差异，终末期肝病（LC&HCC）















在所获得 HBV 全基因组中发现 23 份基因插入和 51 份 preS 基因缺失，C 基因型
HBV preS 基因缺失率要显著高于 B 基因型。 
 本研究的结果为了解闽南地区慢性乙肝患者感染自然史不同分期中 HBsAg
与 PreS1 水平提供重要的理论依据；同时发现 HBsAg 与 PreS1 定量检测在 HBV
抗病毒治疗疗效的监测方面具有很好的应用前景。 
 
















Hepatitis B virus stands as one of the most common human pathogens and it 
causes significant public health problems. Quantitative measurement of HBV-DNA 
level in chronic hepatitis B patient’s serum has been suggested as a guideline of 
treatment, which play a vital role in evaluating the efficacy of anti-viral therapy, but 
this assay is so expensive and complex that it cannot be used widely. During recent 
years, it is reported that the quantifiable level of HBsAg has been suggested as a 
predictor of treatment response in chronic hepatitis B. However, the dynamic level of 
HBsAg during the natural history of chronic hepatitis B infection remains largely 
unknown. This study aimed to determine the HBsAg and PreS1-Ag levels、genotype 
and mutants distribution in the different phases of chronic HBV infection 
HBsAg-positive patients from southeast China. 
402 HBV-monoinfected patients were analyzed in a cross-sectional study. 
Patients were categorized according to the phase of HBV-infection: HBeAg(+) 
immune tolerance phase(IT, n=53), immune clearance phase (IC, n=93), HBeAg(-) 
low-replicative phase (LR, n=65), HBeAg(-) hepatitis (ENH, n=74), liver 
cirrhosis(LC, n=53) and hepatocarcinoma (HCC,n=64). HBsAg and preS-Ag was 
quantified and correlated with HBV-DNA, HBV-genotypes and clinical parameters. In 
addition, HBV full sequence of total patients were amplified and sequenced so as to 
analysis the HBV genome heterogenicity with indicated genotype in the different 
phases of HBV infection.  
This study demonstrated significant differences in HBsAg and PreS1 level across 
the different phases of CHB. Either HBsAg or PreS1 level is highest in IT group, and 
lowest in LC group, while exhibited moderate  in other groups. There were no 
significant differences in overall HBsAg and PreS1 level between individuals infected 
with HBV genotype B and C. However, in the LR group, HBsAg level of genotype C 
patients were slightly higher than those of genotype B patients. In the IT group, PreS1 















opposite results in HCC group. HBsAg and preS-Ag showed a strong correlation with 
HBV-DNA during IC，ENH and LC group. Associations between HBsAg/preS-Ag 
and HBV-DNA were observed better in HBV genotype B patients than genotype C 
patients. In all six groups, HBsAg always exhibited a strong correlation with 
PreS1-Ag. HBV Genotype distribution was significant difference between chronic 
hepatitis B infection and advanced liver diseases. 23 insertions and 51 preS deletions 
were depicted in HBV full genome, and the frequencies of preS deletion was 
significant higher in genotype C patients than genotype B patients (AOR=3.11, 
p=0.003).  
HBsAg and preS-Ag levels show significant differences during the natural 
course of HBV-infection and between HBV-genotypes. These findings may have 
important implications for understanding the natural history of HBV-infection from 
southeast China and provide insightful perspective for using quantitative HBsAg and 
preS-Ag as a diagnostic tool, i.e. as a predictor for antiviral therapy. 
 









































Hepatitis B virus 
Chronic hepatitis B 
Hepatitis B surface antigen 
Hepatitis B surface antibody 
Hepatitis B core antigen 
Hepatitis B core antibody 
Hepatitis B e antigen 
Hepatitis B e antibody 










immune tolerance phase 
immune clearance phase 
low-replicative phase 






































第一章 前 言 ........................................................................................... 1 
一、HBV 生物学特征 ............................................................................................ 1 
二、HBV 的复制和生活史 .................................................................................. 7 
三、HBV 流行病学 .............................................................................................. 9 
四、自然感染史 ................................................................................................. 13 
五、实验室检查 ................................................................................................. 16 
六、HBV 感染的防治 ........................................................................................ 23 
七、HBV 感染者的转归 .................................................................................... 28 
八、研究目的、思路和意义 ............................................................................. 29 
第二章 研究对象 ................................................................................... 30 
一、确定研究对象 ............................................................................................. 30 
二、样本采集 ..................................................................................................... 31 
三、样本背景的收集和整理 ............................................................................. 32 
四、样本的分组 ................................................................................................. 32 
第三章 材料与方法 ............................................................................... 33 
第一部分 血清学检测 ....................................................................................... 33 
一、材料 ............................................................................................................. 33 
二、操作步骤 ..................................................................................................... 34 
三、结果分析 ..................................................................................................... 36 
第二部分 基因组学检测 ................................................................................... 37 
一、材料 ............................................................................................................. 37 
二、操作步骤 ..................................................................................................... 38 
第三部分 统计分析方法 ................................................................................... 44 
第四章 结果与分析 ............................................................................... 45 
一、研究样本的筛选与临床特征 ..................................................................... 45 
二、HBsAg 水平的分布 .................................................................................... 48 















四、HBsAg 水平与 HBV DNA 的相关性 ........................................................ 50 
五、PreS1 水平与 HBV DNA 的相关性 .......................................................... 51 
六、HBsAg 水平与 PreS1 水平的相关性 ........................................................ 54 
七、病毒基因组异质性 ..................................................................................... 56 
八、HBV 基因组中的插入变异 ........................................................................ 57 
九、HBV 基因组中的缺失变异 ........................................................................ 57 
十、基因型 B&C 间的突变率差异 .................................................................. 58 
第五章 讨 论 ......................................................................................... 60 
第六章 结论与展望 ............................................................................... 64 
参 考 文 献 ........................................................................................... 65 
















Chapter 1 Preface ..................................................................................... 1 
Ⅰ. Biological properties of HBV ........................................................................ 1 
Ⅱ.Replication and life cycle of HBV .................................................................. 7 
Ⅲ. Epidemiology of HBV .................................................................................... 9 
Ⅳ. Natural infection history of HBV ............................................................... 13 
Ⅴ. Laboratory diagnosis of HBV ..................................................................... 16 
Ⅵ. Prevention and treatment of HBV .............................................................. 23 
Ⅶ. Prognosis of HBV ......................................................................................... 28 
Ⅷ. Purpose and significance of this research .................................................. 29 
Chapter 2 Objects for this research ..................................................... 30 
Ⅰ. Determination of study object ..................................................................... 30 
Ⅱ. Collection of samples ................................................................................... 31 
Ⅲ. Background of samples ................................................................................ 32 
Ⅳ. Classification of samples .............................................................................. 32 
Chapter 3 Materials and Methods ....................................................... 33 
Part 1 Serological testing ............................................................................ 33 
Ⅰ. Materials ....................................................................................................... 33 
Ⅱ. Methods ......................................................................................................... 34 
Ⅲ. Analysis ......................................................................................................... 36 
Part 2 Genomic testing ................................................................................ 37 
Ⅰ. Materials ....................................................................................................... 37 
Ⅱ. Methods ......................................................................................................... 38 
Part 3 Statistical analysis ............................................................................ 44 















Ⅰ. Clinical features of patients infected with HBV ........................................ 45 
Ⅱ. Distribution of HBsAg levels ....................................................................... 48 
Ⅲ. Distribution of PreS1 levels ......................................................................... 49 
Ⅳ. Correlation between HBsAg and HBV DNA ............................................. 50 
Ⅴ. Correlation between PreS1 and HBV DNA ............................................... 51 
Ⅵ. Correlation between HBsAg and PreS1 ..................................................... 54 
Ⅶ. Genome heterogeneity of HBV ................................................................... 56 
Ⅷ. Insert variation of HBV genomes ............................................................... 57 
Ⅸ. Missing variation of HBV genomes ............................................................ 57 
Ⅹ. Differences of mutation frequency between genotype B and C ............... 58 
Chapter 5 Discussions ............................................................................ 60 
Chapter6 Conclusion and prospect ...................................................... 64 
References ............................................................................................... 65 














第一章 前 言 
1 













 乙型肝炎病毒（HBV）是一种 DNA 病毒，属于嗜肝 DNA 病毒科
（hepadnavividae）。该病毒具有严格的种属特异性和组织特异性，根据目前所知，
HBV 就只对人和猩猩有易感性，引发乙型病毒性肝炎疾病。 
 完整的乙肝病毒成颗粒状，即 Dane 颗粒，由丹娜在 1965 年发现。完整的病
毒颗粒呈球形，直径为 42 纳米，负染后在电镜下有双层外壳。有 HBs 蛋白构成
外膜，由多拷贝的单一 HBc 蛋白形成一个 20 面体核壳。核心颗粒的直径为 34nm，
内为 3.0-3.2kb 的环形、部分双链 DNA 基因组和病毒编码的 P 蛋白。在一个典型
的 HBV 感染者的血清可以看到三种颗粒结构：Dane 颗粒、球形颗粒和管形颗粒。 
 乙型肝炎病毒的抵抗力较强，在-20℃条件下其活性可保存 20 年，在 37℃
条件下仍可存活 7 天，同时反复冻融 20-40 次其抗原性很少改变，但 65℃












































第一章 前 言 
3 
1、S-ORF 
 S-ORF 分为三段，从上游开始依次为前 S1（Pre-S1）区、前 S2(Pre-S2)
区和 S 区，各有其起始密码 ATG。前 S2 区和 S 区在所有 HBV 基因型都是
恒定的长度，分别为 165bp 和 681bp（nt3205-nt155-nt835），分别编码由 55
个和 226 个氨基酸残基组成的前 S2 蛋白和 S 蛋白；而前 S1 区的 5、端则因
基因型的不同而异，B 和 C 基因型均始于 nt2848；该区的长度在 324-357bp
之间，编码的前 S1 蛋白氨基酸残基的数目在 108-119 氨基酸之间。前 S 区
的氨基酸变异较 S 区多一倍（15%：7.5%），提示 S 蛋白比前 S 蛋白对病毒
装配更重要。PreS1 和 PreS2 在免疫应答中起着相当重要的作用，因为它们
有 T 细胞或 B 细胞的抗原表位[6]。 
 S-ORF编码HBV的外膜蛋白，外膜蛋白包裹毒粒，使病毒能够附着和侵入宿
主的肝细胞，外膜蛋白特异性抗体（HBs-Ab）是主要的保护性抗体。 
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